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Abstract 
This paper investigates the severity level of wear elements occurred in Perodua MyVi 1300cc automatic transmission (AT) 
mechanism via multi-elemental spectrometric oil analysis. The work of analysis was performed merely on automatic 
transmission fluid (ATF) Perodua original equipment manufacturer (OEM) (ATF-3) series. The ATF was analyzed through 
continuous dynamometer basis at operating speed of 3000rpm and actual travelled distance mission profile categories. The 
operating mileage tested during continuous dynamometer basis ranges from 0km up to 10,000km maximum operating distance. 
The traces of wear elements were quantitatively analyzed at each operating mileage of 1,500km, 3,000km, 4,500km, 7,000km 
and 10,000km, respectively. The mileage selected and observed for second mission profile category was divided into three main 
categories. Category sample number A1-B3 referred to the actual travelling distance between 800km up to less than 20,000km. 
Category C1-D2 and E1-F5 each represents the operating travelling distance of 20,000km up to less than 40,000km and 
40,000km up to less than 60,000km, respectively.  Spectrometric analysis is primarily commenced based on serious limitations of 
the wear particle size that usually expressed as wear concentration in parts-per-million (ppm) unit. The typical concentration 
range for every element is between 1-100 ppm and the severity level of concentration for every element varies from one another. 
The element of Aluminum (Al), Chromium (Cr), Copper (Cu), (Ferum) Fe, Lead (Pb), Nickel (Ni), Tin (Sn), Titanium (Ti), 
Vanadium (V), Manganese (Mn), Argentum (Ag) and Cadmium (Cd) are principally categorized as the wear elements. It was 
found that the occurrence of wear by product of these elements presence in the AT mechanism can be classified as benign wear 
and the presence of wear particles on both mission profiles are considered as normal wear particles mode even the ATF has been 
used at continuous operating speed of 3000rpm and extendedly used beyond its recommended drain period of every 20,000km 
operating travelling distance.  
© 2013 The Authors. Published by Elsevier Ltd.  
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1. Introductions  
    Traces of wear metals in used operating lubricant by principal vary in origin and its concentration value. These 
wear metals concentration obtained from the used lube provide vital information regarding the cause and level of the 
deterioration existed and progressed in operating mechanical component [1]. It has been affirmed that the 
occurrence of severe wear metals appeared to act as a catalyst that could speed up the degradation of a particular 
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lubricant used during operation [2]. It has been well recognized that, spectrometric analysis is exceedingly practical 
for the reason of quantitatively and qualitatively evaluate the elements of additives, contaminants and wear metallic 
particles presence in lubricating oil [3]. Apparently, a strong interaction between the content of metallic particles 
presence is very likely to contribute towards oxidation and degradation of the lube. In the case of automatic 
transmission fluid (ATF), qualitative analysis of wear metal concentration subjected to both mission profiles stated 
are very decisive to be evaluated. This evaluation outcome could eventually be a point of reference focusing on the 
level of severe wear metals and typical significant wear elements occur in AT mechanism analyzed at both 
dynamometer driving mission profile operating at continuous speed of 3000rpm and for each respective actual 
distance travelled sampling category. 
 
2. Research Methodology  
2.1. Wear elemental spectrometric analysis 
    In this study, the analysis was performed by means of SPECTROIL Q100 spectrometer instrument. Principally, 
both unused and used ATF samples were burned between a rotating carbon disc electrode and a carbon rod 
electrode. It was required that 3ml of the ATF sample was placed in a sample cap, then the disc was partially 
immersed in the ATF sample and the disc was then rotated as the burn proceeds. It is compulsory that a fresh disc 
and a newly sharpened rod to be used for each sample to eliminate sample carryover. In the beginning of the 
analysis, a large electric potential was set up between a disc and rod electrode with the ATF sample in the gap 
between them. An electric charge stored by a capacitor was discharged across this gap creating a high temperature 
electric arc between 5000°C to 6000°C which vaporizes a portion of the sample forming plasma which emits intense 
light. These emissions were separated into individual wavelengths and measured using a properly designed optical 
system. The purpose of the optical system in a spectrometer is to separate the light coming from the plasma into the 
discrete wavelengths of which it is comprised. It is a concave mirror with very fine lines on its surface that causes 
incident polychromatic light to be separated into component wavelengths. The purpose of the grating is to separate 
(diffract) the light into its component wavelengths.  
2.2. Experimental testing standard 
The spectrometric analysis was basically done based on ASTM D6595 standard of practice. This is the standard 
method used for determination of wear metals, contaminants and additives in any automotive lubricating fluid.      
 
3. Experimental Results  
3.1. Virgin ATF-3 (VO) wear elemental concentration (ppm) result 
Table 1 below shows the value of wear elemental concentration for the unused (virgin) ATF-3 
                       Table 1. Wear elemental concentration of ATF-3 (VO) sample. 
 
 
 
 
 
 
From the analysis done on the unused ATF (VO) sample, it was found that the value for the total 10 wear elements 
examined were less than 1.0 ppm.  
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3.2.  Used ATF-3 wear elemental concentration (ppm) result 
    Fig. 1 below shows the wear concentration (ppm) outcome from the dynamometer continuous 3000rpm driving 
speed mission profile. Based on the continuous endurance dynamometer mission profile commenced, it was found 
that the wear elements of Ferum (Fe), Copper (Cu) and Aluminum (Al) acquired the highest wear concentration 
(ppm) with the average value of 12.625 ppm, 10.577 ppm and 3.096 ppm, respectively. The other remaining wear 
elements of the tested ATF acquired the average concentration values less than 1.0 ppm. 
 
 
Fig. 1. Wear elemental concentration (ppm) for the overall operating mileage tested. 
Fig. 2 to Fig. 4 below shows the wear concentration (ppm) outcome from the 3 main sampling categories of actual 
travelling distance mission profile, respectively.  
  
 
       Fig. 2. Wear elemental concentration (ppm) for the overall            Fig. 3. Wear elemental concentration (ppm) for the overall  
        operating mileage of A1-B3 sampling category.                            operating mileage of C1-D2 sampling category. 
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            Fig. 4. Wear elemental concentration (ppm) for the overall 
            operating mileage of E1-F5 sampling category. 
   
 
    In the viewpoint of A1-B3 sampling category wear elements result; it was found that the elements of Fe, Cu and 
Al were the most significant wear elements occurred during the actual operating condition basis. The average wear 
concentration (ppm) value obtained for each element was 22.161 ppm, 16.048 ppm and 11.577 ppm, respectively. 
Whilst, as observed for the sampling category of C1-D2, the wear elements of Fe, Cu, and Al showed the most 
significant value of wear concentration with the average value of 45.875 ppm, 28.29 ppm and 33.595 ppm, each. 
Even so, the sampling category of E1-F5 showed the typical wear element result. It was noticed that the element of 
Fe, Cu and Al acquired the most momentous wear concentration value of 65.891 ppm, 27.8 ppm and 7.83 ppm, 
respectively. The type of the 3 most significant wear elements is shown in Figure 5 below. 
 
 
 
Fig. 5. Three most significant wear elemental concentration (ppm) for the overall actual distance travelled mission profile. 
 
 
 
 
 
197 Syazuan Abdul Latip et al. /  Procedia Engineering  68 ( 2013 )  193 – 198 
     From the analysis done, it was found that the elements of Fe, Cu and Al were the most significant wear elements 
occurred throughout both mission profiles. This outcome satisfied the claim made by [1, 4, 5] which affirmed that 
the elements of Fe and Cu were the wear metals that consistently present in relatively large amounts in the used 
lubricating oil samples and were found to increase with the mechanism operating time. Thus, serious attention and 
understanding of the wear concentration values for these elements should be well defined and analyzed since they 
are categorized as the more operative elements in the modification of lubricant composition and classified as 
indicators for assessing the presence of mechanical wear and occurrence of corrosion which could do harm towards 
the mechanical components within an operating mechanical device [1, 2].  The same priority and consideration are 
required for the significant occurrence of Al wear element since it is highly subjected to erosion once engaged in a 
particular operation [9]. Hence, its accepted wear concentration value was generally set as accordance to the Cu 
element wear concentration limit [6].   
 
    In concern of Fe wear concentration acceptable limit, Hakan Kaleli [7] from his study has affirmed that the 
typical value of concentration for the engine oil studied were between 40-200 ppm. It was however acclaimed that if 
the value of Fe concentration is higher than 100 ppm, it is basically rarely translate into any mechanical problems or 
abnormal wear in regards to automotive lubricating oil basis.  It can therefore be noticed that the overall Fe average 
concentration values for both mission profiles was lower than 100 ppm. Despite the element of Fe was the highest 
concentration compared to Cu and Al, the overall concentration values were within the acceptable wear 
concentration range and the occurrence of Fe wear element was insignificant. The element of Cu meanwhile was 
higher than 20 ppm except for the A1-B3 sampling category. It was asserted by [6] that the alarm level of Cu is set 
at 20 ppm. It is noticed that, the C1-D2 sampling category acquired the highest average wear concentration value 
which exceeded 41.45% than the alarm level. Due to the high value of Cu wear concentration, it is crucial and 
important for the tested ATF samples of both mission profile conditions to be analyzed in terms of its oxidation 
level, since the high Cu concentration resulted towards high oxidation level [2] and eventually increases the rate of 
oxidative degradation of the lubricant [8]. As such, the oxidation level for the ATF on both mission profiles are 
required to be analyzed in order to predict the capability of the ATF to be extendedly used than the recommended 
period at accepted level of wear occurrence.  
 
    In contrast, the Al concentration was lower than the alarm level of 20 ppm for all conditions, except that for the 
sampling category of C1-D2 which portrayed exceeded value of concentration limit by 67.98%.  From this value, it 
clearly shows the similarity of high value of wear concentration of Al and Cu elements occurred at the operating 
mileage between 20,000 km up to less than 40, 000 km distance travelled. It is vital for this wear element to be 
further analyzed as it has been affirmed that Al is considered as one of the important metallic wear elements that 
should be investigated as it is highly subjected to erosion once engaged in a particular operation [9]. Overall, though 
the ATF been tested in the harsh and continuous 3000 rpm speed during the endurance dynamometer driving 
condition and even been used further than the recommended period subjected to each sampling category, 
respectively, it can be observed that the group of elements consisted of Pb, Ni, Sn and Cr showed a very low and 
insignificant concentration value based on both endurance dynamometer driving condition and actual distance 
travelled profile.  
 
 
4. Conclusions 
  
The following conclusions could be derived from this study:  
x The occurrence of wear by product of these elements presence in the AT mechanism can be classified as 
benign wear and the presence of wear particles on both mission profiles considered as normal wear particle 
mode and within the accepted wear severity limitation.  
 
x Despite the fact that Fe acquired the highest concentration above the two other elements, the concentration 
level was within the acceptable wear concentration range. In contrast, the element of Cu and Al showed an 
average high concentration value that subjected to the ATF samples tested within C1-D2 sampling category 
only. It is noted that the samples in this category was referred to travelling mileage between 20,327 km to 
36,463 km. Due to the high and significant concentration of Cu and Al elements, it could be suspected that 
198   Syazuan Abdul Latip et al. /  Procedia Engineering  68 ( 2013 )  193 – 198 
the first category of wear mechanism involving severe mechanical wear unlikely to occur but the form of 
second wear mechanism category covering element of chemistry concern (typically oxidation and/or 
corrosion) is likely to arise and highly associated to these two elements. The occurrence of these scenarios 
could be suggested due to inconsequential depletion of essential anti-wear additive such as phosphorus for 
instance, which resulted to minimal or benign wear particle mode existence. Thus, additives concentration 
is more than important to be analyzed in order to understand and establish the severity level and mode of 
wear relationship associated with the transmission concern.   
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